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TOUCH CONTROL APPARATUS AND NOISE
COMPENSATING CIRCUIT AND METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 104136606, filed on Nov. 6, 2015. The
entirety of the above-mentioned patent application 1s hereby
incorporated by reference herein and made a part of speci-
fication.

TECHNICAL FIELD

The disclosure 1s directed to a noise compensation circuit
and a noise compensation method of an on-cell touch panel.

BACKGROUND

With the progress of electronic technologies, electronic
products have become an essential tool 1n people’s lives.
Moreover, in order to provide user-iriendly interfaces, pro-
viding the electronic products with touch control display
panels having a touch control capability has become an
essential trend.

In the current technical field, the touch panels include two
types, a plug-in and a non-plug-in types. The non-plug-in
type touch panels can be classified into on-cell and in-cell
touch panels. In an on-cell touch panel, driving electrodes
and sensing electrodes of the touch panel are disposed on a
surface of a display panel.

In an in-cell touch panel, a touch sensor 1s directly
installed in the display structure. In the on-cell touch panel
technique, the touch panel 1s easily interfered by noise from
the display thereunder, which leads to detection errors of
touched points. Especially, as a thickness of a touch control
display panel (e.g., an active array organic light emitting
diode (AMOLED) display panel combined with a touch
panel) becomes thinner, e.g., reaches a level smaller than
100 um, upper electrodes of the AMOLED display panel
have more and more significant influence on an iduced
clectric field, and such poor induction cases often happen.
Additionally, as a self-capacitance of the on-cell touch panel
rises up, a ratio ol a mutual-capacitance to the self-capaci-
tance 1s decreased to cause reduction in sensibility of the
touch detection. Particularly, in a flexible display touch
panel, an electrical inhomogeneity phenomenon caused by
the panel being curved further influences the accuracy of
detecting the touched points.

SUMMARY

The disclosure provides a noise compensation circuit and
a noise compensation method for an on-cell touch panel,
which can contribute to effectively mitigating the influence
caused by noise on a touch panel and increasing sensing
sensitivity of the on-cell touch panel.

The disclosure further provides a touch control apparatus
which can contribute to eflectively mitigating the influence
caused by the noise on the touch panel and increasing
sensing sensitivity of the on-cell touch panel through the
noise compensation circuit.

The noise compensation circuit introduced by the disclo-
sure includes an integration circuit, a noise storage circuit
and a noise detection circuit. The noise storage circuit 1s
coupled to the integration circuit. The noise detection circuit
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1s coupled to the integration circuit and the noise storage
circuit, receives a plurality of continuous touch detection
signals and compares the touch detection signals with a first
threshold value and a second threshold value, so as to
respectively generate a plurality of detection results. The
noise detection circuit sets multiple noise signals 1n the
touch detection signals to be saved in the noise storage
circuit or transmits multiple effective signals among the
touch detection signals to the integration circuit based on the
detection results. The noise storage circuit generates an
average noise within a time period based on the noise signals
and transmits the average noise to the integration circuit.
The integration circuit generates a touch detection result
according to the average noise and the eflective signals.

The touch control apparatus introduced by the disclosure
includes an on-cell touch panel and a noise compensation
circuit. The on-cell touch panel includes a plurality of touch
sensing lines and at least one reference signal line. The noise
compensation circuit 1s coupled to the on-cell touch panel.
The noise compensation circuit includes an integration cir-
cuit, a noise storage circuit and a noise detection circuit. The
noise storage circuit 1s coupled to the integration circuit. The
noise detection circuit 1s coupled to the integration circuit
and the noise storage circuit, receives a plurality of continu-
ous touch detection signals and compares the touch detec-
tion signals with a first threshold value and a second
threshold value, so as to respectively generate a plurality of
detection results. The noise detection circuit sets multiple
noise signals among the touch detection signals to be saved
in the noise storage circuit or transmits multiple effective
signals among the touch detection signals to the integration
circuit based on the detection results. The noise storage
circuit generates an average noise within a time period based
on the saved noise signals and transmits the average noise to
the integration circuit, and the integration circuit generates
a touch detection result according to the average noise and
the eflective signals.

The noise compensation method of the on-cell touch
panel introduced by the disclosure includes: recerving a
plurality of continuous touch detection signals; comparing
the touch detection signals with a first threshold value and a
second threshold value, so as to respectively generate a
plurality of detection results; determining multiple noise
signals and multiple eflective signals among the touch
detection signals according to the detection results; setting
the noise signals to be saved and generating an average noise
based on the saved noise signals within a time period; and
generating a touch detection result based on the average
noise and the effective signals.

In order to make the aforementioned and other features
and advantages of the disclosure more comprehensible,
several embodiments accompanied with {figures are
described 1n detail below.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

The accompanying drawings are included to provide a
further understanding of the disclosure, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the disclosure and, together with
the description, serve to explain the principles of the dis-
closure.

FIG. 1 1s a schematic diagram 1llustrating a noise com-
pensation circuit according to an embodiment of the disclo-
sure.
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FIG. 2 1s a schematic diagram 1llustrating a noise com-
pensation circuit according to another embodiment of the

disclosure.

FI1G. 3 1s a schematic diagram illustrating the detection of
the touch detection signals.

FI1G. 4 1s a wavelorm diagram 1llustrating the operation of
the noise compensation circuit of the disclosure.

FIG. 5A 1s a schematic diagram 1illustrating a touch
control apparatus according to another embodiment of the
disclosure.

FIG. 5B 1s a schematic diagram illustrating a noise
compensation circuit according to another embodiment of
the disclosure.

FIG. 5C 1s a schematic diagram illustrating a differential
circuit according to another embodiment of the disclosure.

FIG. 6 1s a flowchart illustrating a noise compensation
method of an on-cell touch panel according to an embodi-
ment of the disclosure.

DESCRIPTION OF EMBODIMENTS

In the following detailed description, for purposes of
explanation, numerous specific details are set forth 1n order
to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific
details. In other instances, well-known structures and
devices are schematically shown in order to simplify the
drawing.

Referring to FIG. 1 herematter, FIG. 1 1s a schematic
diagram 1llustrating a noise compensation circuit according
to an embodiment of the disclosure. In the present embodi-
ment, a noise compensation circuit 100 includes an integra-
tion circuit 110, a noise storage circuit 120 and a noise
detection circuit 130. The noise storage circuit 120 1is
coupled to the integration circuit 110, and the noise detection
circuit 130 1s coupled to the integration circuit 110 and the
noise storage circuit 120. The integration circuit 110, the
noise storage circuit 120 and the noise detection circuit 130
receive a plurality of continuous touch detection signals
DET, and the noise detection circuit 130 sets the touch
detection signals DET to be compared with a first threshold
value and a second threshold value, so as to respectively
generate a plurality of detection results DS. The noise
detection circuit 130 then determines to transmits a plurality
of noise signals in the touch detection signals DET to the
noise storage circuit 120, or to transmit a plurality of
cllective signals 1n the touch detection signals to the inte-
gration circuit 110 according to the generated detection
results DS. Therein, the first threshold value i1s greater than
the second threshold value.

As for operation details, when determining that a value of
cach of the touch detection signals DET 1s greater than the
first threshold value or less than the second threshold value,
the noise detection circuit 130 determines that the deter-
mined touch detection signals DET are the noise signals. In
contrast, when determining that the value of each of the
touch detection signals DET {falls between the first threshold
value and the second threshold value, the noise detection
circuit 130 determines that the determined touch detection
signals DET are the eflective signals. On the other hand, the
noise detection circuit 130 may generate the detection
results DS according to the atorementioned determination
and transmit the detection results DS to the integration
circuit 110 and the noise storage circuit 120.

When a detection result DS indicates that a corresponding,
touch detection signal DET 1s a noise signals, the corre-
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sponding touch detection signal DET 1s received by the
noise storage circuit 120, but not by the integration circuit
110. In contrast, when the detection result DS indicates that
the corresponding touch detection signal DET 1s an effective
signal, the corresponding touch detection signal DET 1s not
received by the noise storage circuit 120, but received by the
integration circuit 110. It should be mentioned that 1n a time
period, the noise storage circuit 120 may receive a plurality
of touch detection signals DET that are determined as the
noise signals, and the noise storage circuit 120 may generate
an average noise ANS according to the saved touch detec-
tion signals DET at a time point of the end of the time period
and transmit the average noise ANS to the integration circuit
110.

Namely, in the present embodiment, the integration circuit
110 receives not only the touch detection signals DET that
are determined as the eflective signals, but also the average
noise ANS. Additionally, the integration circuit 110 gener-
ates a touch detection result VOUT according to the touch
detection signal DET determined as the effective signals and
the average noise ANS, so as to mitigate the influence
caused by the noise on the detection operations.

The first threshold value and the second threshold value
described above are predetermined values, and when a value
of a touch detection signal DET 1s too big (i.e., over the first
threshold value) or too small (i.e., lower than the second
threshold value), 1t indicates that the value of the touch
detection signal DET 1s an unreasonable value generated due
to the interference by the noise, which 1s not adaptive to be
transmitted directly to the integration circuit 110 for the
calculation of the touch detection result VOU'T. However,
the touch detection signals DET that are determined as the
noise signals may contain effective touch information and
are not adapted to be discarded. Thus, in the present embodi-
ment, those touch detection signals DET are transmitted to
the noise storage circuit 120, such that the noise storage
circuit 120 calculates the average noise ANS for calculating
the touch detection result VOU'T.

Referring to FIG. 2 heremafter, FIG. 2 1s a schematic
diagram 1illustrating a noise compensation circuit according
to another embodiment of the disclosure. In the present
embodiment, a noise compensation circuit 200 includes an
integration circuit 210, a noise storage circuit 220 and a
noise detection circuit 230. The integration circuit 210
receives a plurality of continuously generated touch detec-
tion signals DET. The integration circuit 210 includes an
operational amplifier OP1, a capacitor C2, a switch SW5 and
a switched capacitor circuit formed by switches SW1 to
SW4 and a capacitor C1. The capacitor C2 1s connected
between a negative input terminal and an output terminal of
the operational amplifier OP1, and the switch SW5 1s
connected between the negative mput terminal and the
output terminal of the operational amplifier OP1 and 1is
coupled 1n parallel to the capacitor C2. The switch SWS5 1s
controlled by a clock signal CK3. A positive mput terminal
of the operational amplifier OP1 1s coupled to a reference
ground terminal GND.

As for the switched capacitor circuit, a first terminal of the
switch SW1 recerves the touch detection signals DET, and
the switch SW1 1s controlled by a clock signal CK1. A first
terminal of the switch SW2 1s coupled to a second terminal
of the switch SW1, a second terminal of the switch SW2 1s
coupled to a reference ground terminal GND, and the switch
SW2 1s controlled by a clock signal CK2. A first terminal of
the capacitor C1 1s coupled to the first terminal of the switch
SW2. A first terminal of the switch SW3 1s coupled to a
second terminal of the capacitor C1, a second terminal of the
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switch SW3 1s coupled to the reference ground terminal
GND, and the switch SW3 1s controlled by the clock signal
CK1. A first terminal of the switch SW4 1s coupled to the
second terminal of the capacitor C1, and the switch SW4 1s
controlled by a detection result DS2. 5

The aforementioned clock signals CK1 and CK2 have the
same frequency and are totally complementary to each other
without overlapping with each other. The clock signal CK3
1s configured to control the integration circuit 210 whether
to perform an output operation on the touch detection result 10
VOUT. A frequency of the clock signal CK3 1s much lower
than the frequency of the clock signals CK1 and CK2.

It should be noted that in the present embodiment, the
switch SW4 1s turned on or turned oil based on the detection
result DS2. Namely, when the received touch detection 15
signal DET 1s an eflective signal, the switch SW4 1s turned
on based on the detection result DS2, and the touch detection
signal DET 1s transmitted to a negative input terminal of the
operational amplifier OP1 through the switched capacitor
circuit. In contrast, when the received touch detection signal 20
DET 1s a noise signal, the switch SW4 1s turned ofl based on
the detection result DS2, and the touch detection signal DET
1s not transmitted to a negative mput terminal of the opera-
tional amplifier OP1 through the switched capacitor circuat.

As for the noise storage circuit 220, the noise storage 25
circuit 220 includes switches SW6-SW10, a reset switch
SWR and capacitors C3 and C4. A first terminal of the
switch SW6 receives the touch detection signals DET and 1s
controlled by the clock signal CK1. A first terminal of the
switch SW7 1s coupled to a second terminal of the switch 30
SW6, a second terminal of the switch SW7 1s coupled to the
reference ground terminal GND, and the switch SW7 1s
controlled by the clock signal CK2. A first terminal of the
capacitor C3 1s coupled to the first terminal of the switch
SW7. A first terminal of the switch SW8 1s coupled to a 35
second terminal of the capacitor C3, and a second terminal
of the switch SW8 1s coupled to the reference ground
terminal GND. A first terminal of the switch SW9 1s coupled
to the second terminal of the capacitor C3, and the switch
SW9 1s controlled by a detection result DS1. The capacitor 40
C4 1s coupled between a second terminal of the switch SW9
and the reference ground terminal GND. A first terminal of
the switch SW10 1s coupled to the second terminal of the
switch SW9, a second terminal of the switch SW10 1s
coupled to the integration circuit 210, and the switch SW10 45
1s controlled by an average noise transmission signal TR.

The noise storage circuit 220 further includes a reset
switch SWR. The reset switch SWR 1s coupled between the
first terminal of the switch SW9 and the reference ground
terminal GND and controlled by the clock signal CK3. The 50
clock signal CK3 serves as a reset signal.

When the integration circuit 210 does not perform the
generation operation on the touch detection result VOUT,
the clock signal CK3 induces the switch SWS and the reset
switch SWR to be turned on. In this case, the touch detection 55
result VOUT generated by the operational amplifier OP1
may be 1dentical to a ground voltage of the reference ground
terminal GND, and the capacitor C4 releases a charge saved
therein to the reference ground terminal GND through the
turned-on reset switch SWR. While the integration circuit 60
210 1s performing the generation operation on the touch
detection result VOU'T, the clock signal CK3 induces the
switch SW5 and the reset switch SWR to be turned off. In
this case, the operational amplifier OP1 forms the integra-
tion circuit for performing an integrating operation on the 65
received signal, and the capacitor C4 1s available for saving
the noise signal.

6

Additionally, the switch SW9 1s controlled by the detec-
tion results DS1, and when the touch detection signal DET
received by the noise storage circuit 220 1s determined as a
noise signal, the switch SW9 1s turned on based on the
detection result DS1, and the touch detection signal DET
determined as the noise signal 1s set to be saved in the
capacitor C4. In contrast, when the touch detection signal
DET received by the noise storage circuit 220 1s determined
as the eflective signal, the switch SW9 1s turned ofl based on
the detection result DS1. It can be understood that the
capacitor C4 1s capable of saving the noise signals having
different voltage levels for multiple times within a time
period and thereby, obtains the average noise.

On the other hand, the switch SW10 1s turned on or turned
ofl based on the average noise transmission signal TR.
Meanwhile, when the time period of calculating the average
noise ends, the switch SW10 1s turned on based on the
average noise transmission signal TR and transmits the
average noise saved in the capacitor C4 to the negative mput
terminal of the operational amplifier OP1, based on which
the operational amplifier OP1 generates the touch detection
result VOUT.

In the present embodiment, the average noise transmis-
s1on signal TR 1s generated based on the clock signal CK3,
during a time period before the end of the integrating
operation performed by the integration circuit 210, the
average noise transmission signal TR may be provided to
turn on the switch SW10.

As for the noise detection circuit 230, referring to FIG. 3,
FIG. 3 1s a schematic diagram 1llustrating the detection of
the touch detection signals. The noise detection circuit 230
determines whether the touch detection signal DET 1s a
noise signal by detecting a voltage level of the touch
detection signal DET and according to the relationship of a
first and a second threshold values VH and VL. In FIG. 3,
a voltage level of a touch detection signal DETA 1s greater
than the first threshold value VH, and thus, the touch
detection signal DETA 1s a noise signal. Besides, a voltage
level of a touch detection signal DETB 1s less than the
second threshold value VL, and thus, the touch detection
signal DETB 1s also a noise signal. As for the rest, the touch
detection signals with voltages levels falling between the
first and the second threshold values VH and VL are
cllective signals.

Referring to FIG. 2 again, the noise detection circuit 230
includes comparators CMP1 and CMP2 and a logic opera-
tion circuit 231. The comparators CMP1 and CMP2 may be
respectively formed by different operational amplifiers. The
comparator CMP1 recerves the touch detection signals DET
and the first threshold value VH and compares the touch
detection signals DE'T with the first threshold value VH, so
as to respectively generate comparison results CP1. The
comparator CMP2 recerves the touch detection signals DET
and the second threshold value VL and compares the touch
detection signals DET with the second threshold value VL,
so as to respectively generate comparison results CP2.

The logic operation circuit 231 1s coupled to the com-
parators CMP1 and CMP2 and generates detection results
DS1 and DS2 based on the detection results DS1 and DS2.
In the present embodiment, the logic operation circuit 231
includes XOR gates XOR1 and XOR2. The XOR gate
XOR1 receives the detection results DS1 and DS2 to gen-
crate the detection result DS1. The XOR gate XOR2
receives the comparison results CP1 and mverted compari-
son results CP2B to generate the detection result DS2. The
inverted comparison results CP2B are mverted to the com-
parison results CP2.
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To be detailed, when a touch detection signal DET 1s
greater than the first threshold value VH, the touch detection
signal DET 1s determined as a noise signal. Meanwhile, the
comparator CMP1 generates a logic high comparison result
CP1, and the comparator CMP2 generates a logic low

comparison result CP2 (and a logic high comparison result
CP2B). In this scenario, the XOR gate XOR1 generates a

logic high detection result DS1, and the XOR gate XOR2
generates a logic low detection result DS2. Thus, the switch
SW4 1s turned off, the switch SW9 1s turned on, and the
touch detection signal DET determined as the noise signal 1s
set to be saved 1n the capacitor C4.

When the touch detection signal DET 1s less than the
second threshold value VL, the touch detection signal DET
1s also determined as the noise signal. Meanwhile, the
comparator CMP1 generates the logic high comparison
result CP1, and the comparator CMP2 generates the logic
low comparison result CP2 (and the logic high comparison
result CP2B). In this scenario, the XOR gate XOR1 gener-
ates a logic high detection result DS1, and the XOR gate
XOR2 generates a logic low detection result DS2. Thus, the
switch SW4 1s turned off, the switch SW9 1s turned on, and
the touch detection signal DET determined as the noise
signal 1s set to be saved 1n the capacitor C4.

Referring to FIG. 4 heremafter, FIG. 4 1s a wavelorm
diagram illustrating the operation of the noise compensation
circuit of the disclosure. In FIG. 4, a touch detection
operation 1s performed for multiple times within time peri-
ods TA, TB and TC, and a voltage level of the touch
detection result VOUT rises with time based on the inte-
grating operation of the imtegration circuit respectively in the
time periods TA, TB and TC. The touch detection signals
DET are compared with the first and the second threshold
values to correspondingly generate the detection results DS1
and DS2. For instance, the voltage levels of the touch
detection signals DET are greater than the first threshold
value at time points T1 and T3, the voltage levels of the
touch detection signals DET are less than the second thresh-
old value at the time points T2 and T4, and thus, the touch
detection signals DET corresponding to the time points
T1-T4 are determined as noise signals. Therefore, the logic
high detection results DS1 are generated at the time points
T1-T4, while at other time points, the logic high detection
results DS2 are generated, and the corresponding touch
detection signals DET are indicated as the eflective signals.

Referring to FIG. 5A, FIG. SA 1s a schematic diagram
illustrating a touch control apparatus according to an
embodiment of the disclosure. In the present embodiment, a
touch control apparatus 500 includes an on-cell touch panel
510, integration circuits 521, 522 and a noise compensation
circuit 530. Each of the integration circuits 321 and 522 is
coupled to one of a plurality of touch sensing lines and a
reference signal line 1n the on-cell touch panel 510. The
touch sensing lines are configured to transmit signals with
respect to capacitance changes of touch sensing units on the
on-cell touch panel 510, and the reference signal lines
transmit reference signals with noise information. The inte-
gration circuits 521 and 522 respectively integrates the
capacitance change signals transmitted by the touch sensing
lines and the reference signals and respectively transmuit
integral results to the noise compensation circuit 330.

The noise compensation circuit 530 further includes a
differential circuit 531. The differential circuit 331 recerves
the integral results generated by the integration circuits 521
and 522 and calculates an oflset between the two integral
results to generate the touch detection signal DET. On the
basis that the touch sensing lines continuously transmit the
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8

capacitance change signals, the differential circuit 531 gen-
erates a plurality of continuous touch detection signals DET.

The circuits of the noise compensation circuit 530 other
than the differential circuit 531 are the same as the circuits
in the preceding embodiment 1llustrated 1n FIG. 2 and may
perform the detection operation based on the plurality of
continuous touch detection signals DET to correspondingly
generate the touch detection result VOUT. Detailed opera-
tions may refer to the descriptions set forth in the embodi-
ments above and thus, will not be repeated.

Referring to FIG. 5B heremnatter, FIG. 5B 1s a schematic
diagram 1llustrating a noise compensation circuit according
to another embodiment of the disclosure. In FIG. 5B, an
integration circuit 535311 and a noise storage circuit 5512
included 1n a noise compensation circuit 351 of the present
embodiment 1s difference from those in the embodiment
above. In the present embodiment, resistors R1, R2 and R3
are used 1n replacement with the switched capacitor circuit
in the embodiment above, which may improve the capability
for resisting the high-frequency noise. In detail, 1n the
integration circuit 3511, a terminal of the resistor Rl
receives a touch detection signal DET, the other terminal of
the resistor R1 1s coupled to a terminal of the switch SW4,
and the other terminal of the switch SW4 1s coupled to the
negative mput terminal of the operational amplifier OP1.
The positive input terminal of the operational amplifier OP1
1s coupled to the reference ground terminal GND, and the
resistor R3 and the capacitor C2 are connected 1n parallel to
cach other and between the negative input terminal and the
output terminal of the operational amplifier OP1. The switch
SW4 15 controlled by the detection result DS2 to be turned
on or turned off.

In the noise storage circuit 5512, a terminal of the resistor
R2 recerves a touch detection signal DET, the other terminal
of the resistor R2 1s coupled to a terminal of the switch SW9,
and the other terminal of the switch SW9 i1s coupled to the
negative mput terminal of the operational amplifier OP1.
The capacitor C4 1s cascaded between the negative mput
terminal and the reference ground terminal GND of the
operational ampliﬁer OP1 and capable of eliminating high-
frequency noise. The switch SW9 1s controlled by the
detection result DS1 to be turned on or turned off.

Retferring to FIG. 5C heremnatter, FIG. 5C 1s a schematic
diagram 1illustrating a differential circuit according to
another embodiment of the disclosure. In the present
embodiment, the differential circuit includes an operational
amplifier OP2 and resistors R4-R7. An output terminal of the
operational amplifier OP2 generates a touch detection signal
DET, and a positive input terminal of the operational ampli-
fier OP2 1s coupled to the resistors RS and R6. The resistor
RS 1s further coupled to a front-stage integration circuit e.g.,
the integration circuit 521), and the resistor R6 1s further
coupled to the reference ground voltage GND. The negative
input terminal of the operational amplifier OP2 1s coupled to
the resistors R4 and R7, the resistor R7 1s further coupled to
the output terminal of the operational amplifier OP2, and the
resistor R4 1s further coupled to another front-stage integra-
tion circuit (e.g., the integration circuit 522) of the opera-
tional amplifier OP2.

Referring to FIG. 6 hereinafter, FIG. 6 1s a flowchart
illustrating a noise compensation method of an on-cell touch
panel according to an embodiment of the disclosure. In step
5610, a plurality of continuous touch detection signals 1s
received. Then, 1n step S620, the touch detection signals are
compared with a first threshold value and a second threshold
value, so as to respectively generate a plurality of detection
results. In step S630, a plurality of noise signals (e.g., noise
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signals, spike signals and discrete noise signals among the
touch detection signals) and a plurality of effective signals
are determined based on the detection results generated 1n
step S620. In step S640, the touch detection signals deter-
mined as the noise signals are set to be saved within a time
period, so as to generate an average noise, a controlled noise
and an interval noise. In step S650, a touch detection result
1s generated based on the average noise and the eflective
signals.

It should be mentioned that after step S630, the generated
touch detection result may be transmitted to a back-end
circuit, 1 step S660, a back-end signal processing 1s per-
formed based on the touch detection result. Furthermore, the
step S670 1s executed by converting a result of the back-end
signal processing into a digital code, and an action for
displaying detected reported-point can be finished.

Additionally, in other embodiments of the disclosure, the
touch detection signals may be generated by the following
steps. First, a plurality of capacitance change signals trans-
mitted by one of a plurality of touch sensing lines in the
on-cell touch panel and a reference signal transmitted by at
least one reference signal line of the on-cell touch panel are
received. Then, the touch detection signals are generated by
calculating oflsets between the capacitance change signals
and the reference signal.

Implementation details related to the aforementioned
steps can refer to the descriptions set forth in the embodi-
ments above and thus will no longer repeated.

To summarize, 1n the disclosure, through the determina-
tion performed by the noise detection circuit, the noise
signals are set to be saved and the average noise 1s generated
within a fixed time period, and thereby, not only the effective
signals but also the average noise are provided to the
integration circuit, such that the integration circuit can
generate the touch detection result based on the effective
signals and the average noise to mitigate the influence
caused by the noise to the detection results. Moreover, the
disclosure further provides a switched capacitor integration
circuit which can contribute to improving the 1ssue of poor
sensibility of the on-cell touch panel. Meanwhile, even
though the embodiments of the disclosure are applied to a
flexible on-cell touch panel, an electrical mmhomogeneity
phenomenon caused by the panel being curved can be
improved through the subtraction executed by the differen-
tial circuit.

It will be apparent to those skilled 1n the art that various
modifications and varnations can be made to the structure of
the disclosed embodiments without departing from the scope
or spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure cover modifications and varia-
tions of this disclosure provided they fall within the scope of
the following claims and their equivalents.

What 1s claimed 1s:
1. A noise compensation circuit, configured 1n an on-cell
touch panel, comprising;:

an 1ntegration circuit;

a noise storage circuit, coupled to the integration circuait;
and

a noise detection circuit, coupled to the integration circuit
and the noise storage circuit, receiving a plurality of
continuous touch detection signals, and comparing the
touch detection signals with a first threshold value and
a second threshold value, so as to respectively generate
a plurality of detection results, wherein the noise detec-
tion circuit sets multiple noise signals among the touch
detection signals to be saved in the noise storage circuit
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or transmits multiple effective signals among the touch
detection signals to the integration circuit based on the
detection results,
wherein the noise storage circuit generates an average
noise within a time period based on the noise signals
and transmits the average noise to the integration
circuit, and the integration circuit generates a touch
detection result according to the average noise and
cllective signals.

2. The noise compensation circuit according to claim 1,
wherein the noise detection circuit comprises:

a first comparator, receiving the touch detection signals
and the first threshold value and comparing the touch
detection signals with the first threshold wvalue to
respectively generate a plurality of first comparison
results;

a second comparator, receiving the touch detection signals
and the second threshold value and comparing the
touch detection signals with the second threshold value
to respectively generate a plurality of second compari-
son results; and

a logic operation circuit, coupled to the first and the
second comparators and generating the detection
results respectively according to the first and the second
comparison results.

3. The noise compensation circuit according to claim 2,

wherein the logic operation circuit comprises:

a first XOR gate, respectively recerving the first compari-
son results and the second comparison results to gen-
erate a plurality of first detection results; and

a second XOR gate, respectively receiving the first com-
parison results and a plurality of inverted second com-
parison results to respectively generate a plurality of
second detection results.

4. The noise compensation circuit according to claim 1,
wherein when each of the touch detection signals 1s greater
than the first threshold value or less than the second thresh-
old value, each of the touch detection signals 1s determined
as the noise signal based on the corresponding detection
results and set to be saved 1n the noise storage circuit.

5. The noise compensation circuit according to claim 1,
wherein when each of the touch detection signals 1s less than
the first threshold value and greater than the second thresh-
old value, each of the touch detection signals 1s determined
as the eflective signal and transmitted to the integration
circuit.

6. The noise compensation circuit according to claim 1,
wherein the integration circuit comprises:

a switched capacitor circuit, comprising:

a first switch, having a first terminal rece1ving the touch
detection signals, and the first switch being con-
trolled by a first clock signal;

a second switch, having a first terminal coupled to a
second terminal of the first switch, a second terminal
coupled to a reference ground terminal, and the
second switch being controlled by a second clock
signal;

a first capacitor, having a first terminal coupled to the
first terminal of the second switch;

a third switch, having a first terminal coupled to a

second terminal of the first capacitor, a second
terminal coupled to the reference ground terminal,
and the third switch being controlled by the first

clock signal; and
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a fourth switch, having a first terminal coupled to the
second terminal of the first capacitor, and the fourth
switch being controlled by each of the detection
results;

an operational amplifier, having a negative mnput terminal
coupled to a second terminal of the fourth switch, a
positive mput terminal coupled to the reference ground
terminal and an output terminal generating the touch
detection result:

a second capacitor, cascaded between the negative input
terminal and the output terminal of the operational
amplifier; and

a fifth switch, cascaded between the negative iput ter-
minal and the output terminal of the operational ampli-
fier and controlled by a third clock signal.

7. The noise compensation circuit according to claim 1,

wherein the noise storage circuit comprises:

a first switch, having a first terminal receiving the touch
detection signals and controlled by a first clock signal;

a second switch, having a first terminal coupled to a
second terminal of the first switch, a second terminal 1s
coupled to the reference ground terminal, and the
second switch being controlled by a second clock
signal;

a first capacitor, having a first terminal coupled to the first
terminal of the second switch;

a third switch, having a first terminal coupled to a second
terminal of the first capacitor, a second terminal
coupled to the reference ground terminal, and the third
switch being controlled by the first clock signal;

a Tourth switch, having a first terminal coupled to second
terminal of the first capacitor and controlled by each of
the detection results;

a second capacitor, coupled between a second terminal of
the fourth switch and the reference ground terminal;
and

a {ifth switch, having a first terminal coupled to the second
terminal of the fourth switch, a second terminal
coupled to the integration circuit, and the fifth switch
being controlled by an average noise transmission
signal.

8. The noise compensation circuit according to claim 7,

wherein the noise storage circuit further comprises:

a reset switch, coupled between the first terminal of the
fifth switch and the reference ground terminal and
controlled by a reset signal.

9. The noise compensation circuit according to claim 1,

turther comprising;:

a differential circuit, coupled to the integration circuit, the
noise storage circuit and the noise detection circuit,
receiving at least one capacitance change signal trans-
mitted by a touch sensing line and a reference signal
transmitted by a reference signal line, and calculating
an oilset between the capacitance change signal and the
reference signal to generate the touch detection signals.

10. A touch control apparatus, comprising:

an on-cell touch panel, comprising a plurality of touch
sensing lines and at least one reference signal line;

a noise compensation circuit, coupled to the on-cell touch
panel, comprising
an 1integration circuit, coupled to the on-cell touch

panel and receiving a plurality of continuous touch
detection signals;

a noise storage circuit, coupled to the integration cir-
cuit; and

a noise detection circuit, coupled to the integration
circuit and the noise storage circuit, receiving the
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touch detection signals, and comparing the touch
detection signals with a first threshold value and a
second threshold value, so as to respectively gener-
ate a plurality of detection results, wherein noise
detection circuit sets multiple noise signals among
the touch detection signals to be saved 1n the noise
storage circuit or transmits multiple eflective signals
among the touch detection signals to the integration
circuit based on the detection results,
wherein the noise storage circuit generates an average
noise within a time period based on the noise signals
and transmits the average noise to the integration
circuit, and the integration circuit generates a touch
detection result according to the average noise and the
cllective signals.

11. The touch control apparatus according to claim 10,
wherein the noise compensation circuit further comprises:

a differential circuit, coupled to the touch sensing lines
and the at least one reference signal line, receiving a
plurality of capacitance change signals transmitted by
one of the touch sensing lines and a reference signal
transmitted by the at least one reference signal line, and
calculating ofisets between the capacitance change
signals and the reference signal to generate the touch
detection signals.

12. The touch control apparatus according to claim 10,

wherein the noise detection circuit comprises:

a first comparator, recerving the touch detection signals
and the first threshold value and comparing the touch
detection signals with the first threshold value to
respectively generate a plurality of first comparison
results;

a second comparator, receiving the touch detection signals
and the second threshold value and comparing the
touch detection signals with the second threshold value
to respectively generate a plurality of second compari-
son results; and

a logic operation circuit, coupled to the first and the
second comparators and generating the detection
results respectively according to the first and the second
comparison results.

13. The touch control apparatus according to claim 12,

wherein the logic operation circuit comprises:

a first XOR gate, respectively recerving the first compari-
son results and the second comparison results to gen-
crate a plurality of first detection results; and

a second XOR gate, respectively receiving the first com-
parison results and a plurality of inverted second com-
parison results to respectively generate a plurality of
second detection results.

14. The touch control apparatus according to claim 10,
wherein when each of the touch detection signals 1s greater
than the first threshold value or less than the second thresh-
old value, each of the touch detection signals 1s determined
as the noise signal based on the corresponding detection
results and set to be saved 1n the noise storage circuit.

15. The touch control apparatus according to claim 10,
wherein when each of the touch detection signals 1s less than
the first threshold value and greater than the second thresh-
old value, each of the touch detection signals 1s determined
as the eflective signal and transmitted to the integration
circuit.

16. The touch control apparatus according to claim 10,
wherein the itegration circuit comprises:

a switched capacitor circuit, comprising:
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a first switch, having a first terminal receiving the touch
detection signals, and the first switch being con-
trolled by a first clock signal;

a second switch, having a first terminal coupled to a
second terminal of the first switch, a second terminal
coupled to a reference ground terminal, and the
second switch being controlled by a second clock
signal;

a first capacitor, having a first terminal coupled to the
first terminal of the second switch;

a third switch, having a first terminal coupled to a
second terminal of the first capacitor, a second
terminal coupled to the reference ground terminal,
and the third switch being controlled by the first

clock signal; and

a Tourth switch, having a first terminal coupled to the
second terminal of the first capacitor, and the fourth
switch being controlled by each of the detection
results;

an operational amplifier, having a negative mput terminal
coupled to a second terminal of the fourth switch, a
positive mput terminal coupled to the reference ground
terminal and an output terminal generating the touch
detection result;

a second capacitor, cascaded between the negative input
terminal and the output terminal of the operational
amplifier; and

a fifth switch, cascaded between the negative mput ter-
minal and the output terminal of the operational ampli-
fier and controlled by a third clock signal.

17. The touch control apparatus according to claim 10,

wherein the noise storage circuit comprises:

a first switch, having a first terminal receiving the touch
detection signals and controlled by a first clock signal;

a second switch, having a first terminal coupled to a
second terminal of the first switch, a second terminal 1s
coupled to the reference ground terminal, and the
second switch being controlled by a second clock
signal;

a first capacitor, having a first terminal coupled to the first
terminal of the second switch;

a third switch, having a first terminal coupled to a second
terminal of the first capacitor, a second terminal
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coupled to the reference ground terminal, and the third
switch being controlled by the first clock signal;

a fourth switch, having a first terminal coupled to second
terminal of the second capacitor and controlled by each
of the detection results;

a second capacitor, coupled between a second terminal of
the fourth switch and the reference ground terminal;
and

a fifth switch, having a first terminal coupled to the second
terminal of the fourth switch, a second terminal

coupled to the integration circuit, and the fifth switch
being controlled by an average noise transmission

signal.
18. The touch control apparatus according to claim 10,

wherein the noise storage circuit further comprises:

a reset switch, coupled between the first terminal of the
fifth switch and the reference ground terminal and
controlled by a reset signal.

19. A noise compensation method of an on-cell touch

panel, comprising:

recerving a plurality of continuous touch detection sig-
nals:;

comparing the touch detection signals with a first thresh-
old value and a second threshold value, so as to
respectively generate a plurality of detection results;

determining multiple noise signals and multiple effective
signals among the touch detection signals according to
the detection results;

setting the noise signals to be saved and generating an
average noise based on the saved noise signals within
a time period; and

generating a touch detection result based on the average
noise and the effective signals.

20. The noise compensation method according to claim

19, further comprising:

recerving a plurality of capacitance change signals trans-
mitted by one of a plurality of touch sensing lines in the
on-cell touch panel and a reference signal transmaitted
by at least one reference signal line 1n the on-cell touch
panel; and

generating the touch detection signals based on offsets
between the capacitance change signals and the refer-
ence signal.
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